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Epidemiological studies suggest various kinds of immune dysregulation in hemodialysis (HD) patients. The aim of this study
was to investigate the relationship between immune functions and nutritional status of HD patients. We studied 54 patients with
ESRD on chronic HD, included 34 females and 20 males with mean age 46.6±16.3 (18–77) years. We measured the height and dry
weightofallpatients.TheBMIwascalculatedbydividingweight(kg)byheightsquared(m2).Inallpatientsserumurea,creatinine,
albumin, iron, cholesterol, triglyceride, CRP, IgG, IgM, IgA, CD4, CD8, CD19, CD16-56 lymphocytes were measured. Kt/V values
were calculated according to DOQI guideline. In this study, a positive correlation between albumin, cholesterol, and triglyceride
levels as nutritional parameters and immune functions in terms of total and subtype lymphocyte counts was observed. Further
prospective studies are needed to determine the clinical importance of this ﬁnding and the appropriate means of measurement
and eﬀects of nutrition on immune function in hemodialysis patients.
Copyright © 2006 Hayriye Sayarlioglu et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
INTRODUCTION
End-stage renal failure induces a clinical state of immunod-
eﬁciency with higher incidence of infections and a higher
mortality duetoinfectiouscomplications comparedwiththe
normal population [1]. Epidemiological studies indicate that
inchronichemodialysis(HD)patients,bacterialandviralin-
fection ranks second place in mortality and morbidity, be-
hind cardiovascular disease. Several studies suggest diﬀerent
kindsofimmunedysregulationinHDpatients[2,3].Uremic
toxins may cause defects in cell-mediated immunity. Clinical
evidence of impaired lymphocyte, granulocyte, and mono-
cyte functions, which progress during the development of
uremic retention, has been reported. Malnutrition is an im-
portant problem in patients treated with chronic hemodial-
ysis or peritoneal dialysis. It occurs in 40 to 70 percent of
patients (depending upon the method used to measure nu-
tritional status), with an increasing length of time on dialysis
correlating with an increasing decline in nutritional parame-
ters [4, 5]. The role of nutrition in improving survival in HD
patients has been increasingly appreciated. Generally, nutri-
ent deﬁciencies are associated with impaired immune re-
sponses. The aspects of immunity most consistently aﬀected
by malnutrition are cell-mediated immunity, phagocyte
function, the complement system, secretory antibody, and
cytokine production [6]. Previous data showed that delayed
cutaneous hypersensitivity reactions are markedly depressed
in mild and moderate malnutrition and the number of cir-
culating CD4 lymphocytes is reduced [7]. In one study, it
was shown that poor nutritional status might be a cause of
impaired lymphocyte function in HD patients [8]. The aim
of this study was to investigate the relationship between im-
mune functions and nutritional status of HD patients.
METHODS
We studied 54 patients with ESRD on chronic HD, included
34 females and 20 males with mean age 46.6 ± 16.3 (18–77)
y e a r s .T h em e a nt i m eo nH Dw a s3 .6 ± 2.9 (1–15) years. We
measured the height and dry weight of all patients. The BMI
was calculated by dividing weight (kg) by height squared
(m2). At the time of sampling, no patient had an active
infection, ongoing inﬂammatory disease, diabetes mellitus,
and immune disorders. Moreover, no patient was taking im-
munosuppressive drug. With respect to virological status, no
patient was HIV positive. CRP values were under 5mg/ml
in all patients. All blood samples were drawn before the sec-
ond dialysis session of the week. In all patients serum urea,2 Mediators of Inﬂammation
Table 1: Descriptive data for the study group for measured param-
eters.
Mean Std deviation Normal range
Lymphocyte 1398.3 455.6 1500–4000/mm3
IgA (g/l) 2.2 0.9 0.7–4g/l
IgM (g/l) 1.1 0.6 0.4–2.3g/l
IgG (g/l) 12.8 4.2 7–16g/l
CD3 945.7 412.8
CD16 154.4 110.8
CD19 114.1 60.9
CD4 608.6 247,3
CD8 337 155.3
CD4/CD8 1.9 0.7 1.1–3
Kt/V 1.1 0.3 >1.2
CD4 (%) 43.5 8.5 35–65
CD8 (%) 24.2 6.6 20–35
CD19 (%) 8.1 3.8 2–15
CD 16 56 (%) 11 5.6 <10
Albumin (g/dl) 3.6 0.4 3–5.5
Hg (g/dl) 9.2 1.9 (12–16)
Urea (mg/dl) 167 48 14–45
Creatinine (mg/dl) 10 3.4 0.7–1.2
Iron (µ/dl) 82 53.7 37–157
Ferritin (ng/ml) 679 447 28–365
Cholesterol (mg/dl) 139.5 35 0–200
Triglyceride (mg/dl) 164.7 72.7 0–200
creatinine, albumin, iron, cholesterol, triglyceride, and CRP
via colorimetric method were measured. Serum concentra-
tions of IgG, IgM, and IgA were measured by immunoneph-
elometry (Dade Behring, Marburg, Germany). CD4, CD8,
CD19, CD16-56 lymphocytes were counted using ﬂow cy-
tometry (Beckman-Coulter EPICS-XL, USA). Kt/V values
were calculated according to DOQI guideline. Descriptive
statistics and Pearson’s correlation tests were performed.
RESULTS
Descriptive data and laboratory parameters are shown in
Table 1. Correlation analysis between immune and some
other parameters is shown in Table 2.
Positive correlation of serum albumin levels with total
lymphocyte count and CD4 count, positive correlation of
serum cholesterol and triglyceride levels with total lympho-
cyte count and its subtypes, negative correlation of serum
hemoglobin levelswithCD4/CD8 ratio and negativecorrela-
tionofserumferritinwiththenumberofCD8(T-suppressor
cell), CD19, and total lymphocyte count were observed.
Also Kt/V values were correlated with ferritin and hemo-
globinvalues(resp,r=0.44,P=.002,r=0.36,P=.01).There
were negative correlations between Kt/V values and serum
triglyceride levels and BMI (resp, r =− 0.302, P = .03, r =
−0.372, P = .007).
DISCUSSION
Malnutrition has an eﬀect on immune parameters in HD pa-
tients. This increases the tendency to infections, and also fas-
tenstheatherosclerosis.Thesefactorsarethemostimportant
ones in determining the mortality and morbidity in HD pa-
tients. Pupim et al showed that nutritional status of chronic
HD patients predicted mortality independent of concomi-
tant presence or absence of inﬂammatory response [9].
Food-derived substances incorporated into the body via
variousroutesmodulateimmunefunctions.Takingintocon-
sideration that malnutrition or calorie restriction causes re-
duced activity in immune functions, nutritional condition
is indispensable for the development of the immune system.
Generally nutrient deﬁciencies are associated with impaired
immune responses. The aspects of immunity most consis-
tently aﬀected by malnutrition are cell-mediated immunity,
phagocyte function, the complement system, secretory anti-
body, and cytokine production.
Chronic uremia is often accompanied by depressed cel-
lular and humoral immunity. Actually, it is diﬃcult to deﬁne
whether the altered immune response is associated mainly
with uremia rather than with the induction of malnutrition
or the dialysis therapy. However, it is clear that malnutri-
tion and uremia induce severe alterations in the host defense
and speciﬁc immune systems if both diseases occur [10, 11],
contributing to the high incidence of infection in dialysis pa-
tients [12].
We investigated the relationship between immune func-
tion and nutritional status of HD patients. Nutritional pa-
rametersofHDpatientswereevaluatedwithserumalbumin,
cholesterol, triglyceride, ferritin, iron, iron-binding capacity,
and body mass index (BMI). In our study, serum choles-
terol, albumin, and triglyceride levels were positively corre-
lated with lymphocyte and lymphocyte subtypes. Mean lym-
phocyte counts of our patients were below normal (1398.3±
455.6), whereas immunoglobulin levels were normal.
Humoral immune responses remain apparently intact
in situations of protein-energy malnutrition, when im-
munoglobulins and B cell number or function have been
measured [13]. Wolfson et al in their study indicated that
the typical patient undergoing maintenance hemodialysis
showed evidence for wasting or malnutrition. The patients
demonstrated abnormal parameters of nutritional status
eventhoughtheyallwereclinicallystableandhadnotexperi-
enced superimposed catabolic illnesses for at least 3 months
before the study. In this study, lymphocyte transformation
correlated directly with serum urea nitrogen and creatinine,
as well as with serum albumin and midarm muscle circum-
ference,suggestingthatnutritionalstatusmayinﬂuencelym-
phocytefunctioninuremicpatients[8].Likewise,therewasa
positive correlation between albumin levels and lymphocyte
counts and lymphocyte subgroups in our patients.
Lower cholesterol and albumin levels were associated
with increased mortality in chronic hemodialysis patients
[14]. Long-chain polyunsatured fatty acid (PUFA) in foods
can modulate immune functions. Dietary n-3 PUFA alters
the lipid composition of the cell membrane and regulates
the function of immune cells. Antigen-presenting cells fromHayriye Sayarlioglu et al 3
Table 2: Correlation between some nutritional or certain parameters and immune parameters. Upper values are Pearson’s correlation coef-
ﬁcients; the belows are r and P values (NS: not signiﬁcant).
CD4 CD8 CD19 CD16-56 CD4/CD8 IgA (g/l) IgM (g/l) IgG (g/l) Lymphocyte
Albumin (g/dl) 0.40 NS NS NS NS −0.41 NS NS 0.40
(.004) (.003) (.003)
Kt/V NS NS NS NS NS NS NS NS NS
BMI (kg/m2) NS NS NS NS NS NS NS −0.32 NS
(.03)
Iron (µg/dl) NS NS NS NS NS NS NS NS NS
Ferritin (ng/ml) NS −0.37 −0.54 NS NS NS NS NS −0.28
(.04) (.002) (.048)
Hemoglobin (g/dl) NS 0.05 NS NS −0.28 NS NS NS NS
(.73) (.05)
Urea (mg/dl) NS 0.04 NS NS NS NS NS NS NS
(.77)
Cholesterol (mg/dl) 0.35 0.38 0.29 NS NS NS NS NS 0.45
(.01) (.006) (.04) (.001)
Triglyceride (mg/dl) 0.34 0.41 NS NS NS NS NS NS 0.41
(.01) (.003) (.002)
mice and humans fed n-3 PUFA exhibited the capacity to
suppress excessive activation of T cells [15, 16].
In our study, cholesterol and triglyceride levels were pos-
itively correlated with lymphocytes and their subgroups.
In one study, anthropometric measurements revealed an
increased rate of malnutrition in common variable immun-
odeﬁciency patients, particularly in those with low CD4 and
undetectable IgA [17]. In our patients, there is no correlation
between BMI and lymphocytes and subgroups.
Eﬀects of iron overload include decreased antibody-
mediated and mitogen-stimulated phagocytosis by mono-
cytes and macrophages, alterations in T-lymphocyte subsets,
and modiﬁcation of lymphocyte distribution in diﬀerent
compartments of the immune system. The poor ability of
lymphocytes to sequester excess iron in ferritin may help ex-
plain the immune system abnormalities in iron-overloaded
patients [18]. In our patients, negative correlations of serum
ferritinwiththenumberofCD8(T-suppressorcell)andtotal
lymphocyte count were observed. One most consider due to
routine intravenous iron treatment in HD patients, ferritin
level is not a nutrition parameter, but rather the result of the
treatment.
Correlation between hemoglobin and CD4/CD8 ratio
without any correlation for absolute numbers of CD4 and
CD8couldnotbeexplainedanddiscussed;toourknowledge
clinical importance of this condition is not known.
CONCLUSION
In this study, a positive correlation between albumin, choles-
terol, and triglyceride levels as nutritional parameters and
immune functions in terms of total and subtype lymphocyte
counts was observed. Further prospective studies are needed
to determine the clinical importance of this ﬁnding and the
appropriate means and eﬀects of nutrition on immune func-
tion in hemodialysis patients.
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